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FOREWORD

The U.S. Environmental Protection Agency is charged by Congress with protecting the
Nation’s land, air, and water resources. Under a mandate of national environmental laws, the
Agency strives to formulate and implement actions leading to a compatible balance between
human activities and the ability of natural systemauggpsert and nurture life. To meet this
mandate, EPA’s research program is providing data and technical support for solving
environmental problems today and building a science knowledge base necessary to manage our
ecological resources wisely, understand how pollutants affect our health, and prevent or reduce
environmental risks in the future.

The National Risk Management Research Laboratory is the Agency’s center for investigation
of technological and management approaches for reducing risks from threats to human health and
the environment. The focus of the Laboratory’s research program is on methods for the
prevention and control of pollution to air, land, water and subsurface resources; protection of
water quality in public water systems; remediation of contaminated sites and ground water; and
prevention and control of indoor air pollution. The goal of this research effort is to catalyze
development and implementation of innovative, cost-effective environmental technologies;
develop scientific and engineering information needed by EPA to support regulatory and policy
decisions; and provide technical support and information transfer to ensure effective
implementation of environmental regulations and strategies.

This publication has been produced as part of the Laboratory’s strategic long-term research
planning process. It describes Office of Research and Development’s strategy for conducting a
research and development program in pollution prevention. The research strategy describes the
long-term goals and strategic objectives that will be addressed over the coming five years. Itis
published and made available by EPA’s Office of Research and Development to assist the user
community and to link researchers with their clients.

E. Timothy Oppelt, Director
National Risk Management Research Laboratory
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EXECUTIVE SUMMARY

The U. S. Environmental Protection Agency’'s (EPA’s) Office of Research and Development
(ORD) prepared a strategic plan which includes two priority long-term goals addressing
prevention: to provide common sense and cost-effective approaches for preventing and managing
risks, and; to provide leadership and encourage others to participate in identifying emerging
environmental issues, characterizing the risks associated with these issues, and developing ways of
preventing or reducing these risks.

Based on these goals, ORD developPdlaition Prevention Research Stratabat
elaborates on the directions in the strategic plan and provides a framework to guide investments in
pollution prevention research and development over the next five years. The strategy contains
four chapters; Chapter 1.0 sets the context; Chapter 2.0 outlines a strategic pollution prevention
rationale; Chapter 3.0 describes four long-term goals and accompanying strategic objectives to be
addressed and includes activities to be pursued as part of the research strategy; and Chapter 4.0
describes the implementation approach for the goals and objectives presented in Chapter 3.0. This
executive summary is a capsule of the full document.

Context

Historically and currently, ORD has used EPA'’s definition of pollution prevention as “source
reduction.” In a broader sense, the National Commission on the Environment (NCE) offers a
description of environmental sustainability that includes pollution prevention. The EPA definition
and the NCE description were both central to the development of this research strategy. They
provided the context from which ORD developed its strategic rationale for the research and
development program that is outlined below.

ORD'’s pollution prevention activities in the early years focused on developing and evaluating
technologies primarily through extramural funding of contracts, Cooperative Agreements, and
Interagency Agreements. Once pollution prevention was established as an ORD program in 1988,
this extramural focus began slowly shifting toward an in-house program devoted to research on
tools, methodologies, and technologies. This shift has accelerated in the 1990s with the
reogranization or ORD, causing it to focus on a smaller set of high priority activities where ORD
scientists and engineers can make a significant contribution based on their unique knowledge,
expertise, and capabilities.

As pollution prevention implementation has advanced in the past ten years, many of the
problems most easily addressed using a preventive approach have been solved. With the “low
hang fruit” having been picked, this leaves pollution prevention at a crossroads. Although
progress in pollution prevention over the next ten years will natggaeh as rapidly as in the past
ten, the results can be even more significant, both in terms of research and development, and
implementation. Since these next advances will represent more fundamental changes in individual
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lifestyle, industrial process design, consumer products, and land use, future research and
development must focus on quantum leaps instead of incremental improvements. These advances
will not be achieved without a commitment by the public and private sectauppors long-term
in-house research that can, if carefully planned, produce the needed technologies and tools that
take pollution prevention to the next level.

Strategic Rationale

ORD'’s pollution prevention research strategy has been guided by a number of influential
“voices”™--among them, National Academy of Sciences, the Committee on Environment and
Natural Resources, the National Research Council, the President’s Council on Sustainable
Development, and the American Chemical Society. ORD also used the Science Advisory Board’s
past contributions to the pollution prevention “dialogue” with the Agency to further focus its
research strategy.

After considering guidance from the above organizations and narrowing the scope of the
potential program to a subset of environmental problems and types of research and development
where the the Agency can play a meaningful role, ORD investigated which issues were considered
a high priority by EPA’s Program Offices and Regions. The following themes emerged:

. Life cycle assessment and costing reseataiprovide the scientific
basis for comparing alternative risk management approaches.

. Techniques tomeasure pollution prevention effectiveness and verify the
performance of pollution prevention technologies

. Pollution prevention approaches for theagricultural sector

. Pollution prevention approaches to reducgreenhouse gases,
including alternative energy (renewable) sources.

. Pollution prevention approaches fortargeted industriegln most cases
these were aligned with specific regulatory programs or Agency
initiatives).

These themes are reflected in the final research strategy. In addition to the outcome of
consultations with EPA Programs, ORD determined that six priority setting criteria had to drive
choices in research emphasis. Research priorities needed\tidréss high risk human health or
environmental problem®. Respond to the needs of stakehold@r§iill important research and
development gaps not being addressed by gthefBroduce multimedia solutions that have
wide applicability 5. Apply knowledge, experience, and capabilities that reside within @QRMD;

6. Leverage resources with other organizatiofi$ie cumulative process led to the choice of the
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four long-term goals and the associated strategic directions and priorities described below.
Long-Term Goals and Program Emphases

Long-Term Goal I: Developing and Testing Tools and Methodologies

ORD will develop, test, and provide tools and methodologies which improve individual and
organizational decision making related so as to reduce or eliminate emissions, effluents, and

wastes from products, processes, and activities.

Objective A -Develop and test user-friendly tools and methodologies for improved decision
making.

Research and Development Activities
New Activity -- Integrate risk assessment and risk management tools and methodologies:
. Linking risk assessment and pollution prevention tools.

Increased Emphasis -- Improve and develop generic tools and methodologies:

. Improving environmental engineering economics and cost tools.

. Improving the utility of life cycle assessments (LCAS).

. Developing process simulations tools.

. Developing pollution prevention progress measurement methodologies.
. Developing impact assessment tools.

Continued Emphasis -- Improve and develop targeted tools and methodologies:

. Providing decision support tools for municipal solid waste.
. Developing improved selection tools for surface treatment.

Long-Term Goal II: Developing and Evaluating Technologies and Approaches

ORD will develop and test pollution prevention technologies and approaches which are applicable
across economic sectors, and evaluate products, technologies and approaches which are targeted
at preventing high-priority human health and environmental problems in support of the Agency’s
regulatory and compliance programs.

Objective A -Research, design, and assess novel and advanced environmentally benign
approaches for industrial processing and manufacturing.
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Research and Development Activities
Continued emphasis -- Chemistry for pollution prevention:

. Supporting fundamental research on chemistry.
. Developing and testing improved oxidation pathways.

Continued emphasis -- Engineering for pollution prevention:
. Supporting pre-competitive engineering research.

Continued emphasis -- Measurement, assessment, and feedback techniques for pollution
prevention:

. Supporting prevention-related evaluation research.
. Developing intelligent controls for process operations.

Objective B. Develop and test technologies and approaches targeted at specific environmental
problems.

Research and Development Activities

Continued Emphasis -- Address problems associated with metals and organics via separations
technologies for in-process recycling:

. Developing separations for metals.
. Developing membranes for organic compounds.

Continued Emphasis -- Address problems associated with global warming to reduce Total
Equivalent Warming Impact (TEWI):

. Investigating TEWI alternatives.

Continued Emphasis -- Address problems associated with VOCs and hazardous air pollutants
(HAPs) by improving coating and cleaning operations:

. Developing new and innovative coating and cleaning chemistries and equipment.
. Adapting environmentally friendly coating and cleaning chemistries and
equipment.

Increased Emphasis -- Address problems associated with products used indoors:
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. Developing test methodologies and models.
. Supporting research on low-emitting materials and technologies..

Objective C. Demonstrate and evaluate pollution prevention in support of Agency and Program
Office priorities.

Research and Development Activities

Continuing Emphasis -- Address problems associated with medium- and small-sized
industries that pose high risk problems:

. Working in the metal finishing sector.

. Working in the printing sector.

. Working in the computer and electronics sector.
. Working in the auto refinishing sector.

. Working in the dry-cleaning sector.

Continuing Emphasis -- Support Agency rule makings and initiatives that encourage
pollution prevention:

. Supporting the Office of Water.
. Supporting the Office of Air and Radiation.
. Partnering with other Program Offices.

Long-Term Goal lll:Verifying the Performance of Cleaner Products, Technologies, and
Approaches

As part of its Environmental Technology Verification (ETV) Program, ORD will serve as a
catalyzing organization to propel into the marketplace the most promising commercial-ready
pollution prevention products and technologies from both the public and private sectors.
Objective A-- Build a high-quality and efficient program to verify the performance characteristics
of pollution prevention products and technologies

Research and Development Activities

Continued Emphasis -- Verify commercial-ready products and technologies which
substantially reduce or eliminate the production of air, water, and waste products:

. Hazardous Waste Pollution Prevention and Treatment ETV.
. Industrial Coatings ETV Pilot.
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. Metal Finishing ETV Pilot.

. Indoor Air ETV Pilot.

. Climate Change ETV Pilot.

. Air Pollution Prevention and Control ETV Pilot.
. Source Water Protection ETV Pilot.

Long-Term Goal IVConducting Research which Addresses the Economic, Social, and
Behavioral Aspects of Pollution Prevention

Through its extramural grants program, ORD will sponsor economic, social, and behavioral
research to improve decision making and foster the adoption of pollution prevention by the public
and private sectors at all levels.

Objective A-- Develop and integrate social science and socioeconomic information and research
products into environmental decision making

Research and Development Activities

Continued Emphasis -- Develop economic, social, and behavioral tools to improve
environmental policies and programs:

. Understanding organizational decisions related to human health and environmental
protection.

. Understanding the economic benefits of pollution prevention policies and
programs.

. Understanding the economic costs of pollution prevention policies and programs.

. Developing relationships between economic growth and environmental quality.

Implementation

This research strategy provides the framework for an implementation plan which will lay out
the systematic research and development activities to carry pollution prevention into the 21st
Century and toward the realization of sustainable development. The success of that plan will be
dependent on a number of variables, not the least of which is engagement and partnership with
key stakeholders. It is essential that ORD work more closely with those who are directly involved
in the implementation of pollution prevention approaches or influential in advancing the concept
and routine consideration and use of preventive risk management. This includes EPA’s Program
Offices, the regulated sectors, and the following stakeholders:

. States, communities, and tribes in order to better understand those situations at the

community level where pollution prevention might best be employed. It will also raise the
profile of pollution prevention as a routine part of the Agency's approach to community-
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based environmental decision making.

. Federal organizations in order to identify what research and development is needed to
enhance the use of pollution prevention at federal facilities. It will also stress testing
pollution prevention tools, methodologies, technologies, and approaches at government
sites where they can be evaluated in real-world settings.

. The international community in order to exchange information on pollution prevention
research and development and its implementation. It will also enhance perspectives on
what other countries are doing to advance pollution prevention in the broader context of
sustainable development.

ORD will use electronic technology (e.g., Internet home pages, distance learning) to the

maximum extent possible as a means of engagement with stakeholders. The results developed by
ORD will be designed to be available electronically, and ORD intends to be a major provider of
pollution prevention research and development products via the Internet.
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1.0 INTRODUCTION

The U. S. Environmental Protection Agency’'s (EPA’s) Office of Research and Development
(ORD) has prepared a strategic plan which includes prevention as an important theme (1996a;
1997a). Two of the strategic plan’s long-term goals specifically mention prevention as a priority:

To provide common sense and cost-effective approaches for preventing and
managing risks.

To provide leadership and encourage others to participate in identifying emerging
environmental issues, characterizing the risks associated with these issues, and
developing ways of preventing or reducing these risks.

Based on the prominence of prevention in these two goals, it will be an integral part of ORD’s
future research program. The purpose of this document is to elaborate on the pollution
prevention strategic directions outlined in the ORD strategic plan and to provide a framework
within which to guide investments in pollution prevention research and development over the next
five years.

What is Pollution Prevention?

The first step taken in developing this research strategy was to determine the types of activities
which should be included in it. ORD has made judgements on the scope of activities to include
based on its interpretation of EPA’s working definition of pollution prevention (Habicht, 1992)
(See Appendix | for the full definition):

Pollution prevention means “source reduction” as defined under the Pollution
Prevention Act, and other practices that reduce or eliminate the creation of
pollutants through: (1) increased efficiency in the use of raw materials, energy,
water or other resources, or (2) protection of natural resources by conservation.

The Pollution Prevention Act defines “source reduction” as any practice which: (1)
reduces the amount of any hazardous substance, pollutant, or contaminant entering
any waste stream or otherwise released into the environment (including fugitive
emissions) prior to recycling, treatment, or disposal; and (2) reduces the hazards to
public health and the environment with the release of such substances, pollutants,
or contaminants.

Pollution prevention is national policy, embodied as “source reduction,” in the Pollution

Prevention Act of 1990 (West Publishing Co., 1992), and EPA’s Administrator has declared
pollution prevention to be the “guiding principle” of all EPA programs (EPA, 1993).
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In a broader context, the National Commission on the Environment (NCE) (1993) described
the role of pollution prevention in sustainable development (i.e., meeting the needs of the present
without compromising the ability of future generations to meet their own needs [WAGBD)):

Technology for sustainable development must focus on pollution prevention. This
requires a total systems approach that prevents pollutants from being created in the
first place or mimmizes undesirable wastes and obviates the need for many

controls. A preventive approach involves using fewer or non-polluting materials,
designing processes that minimize pollutants or that direct them to other useful
purposes, and creating recyclable products. The preventive/systems approach
requires examining the full life-cycle of products and practices.

The NCE description integrates pollution prevention with environmental sustainability and offers
the greatest opportunity for pollution prevention research and development in the future. A
systems approach, where pollution prevention plays a critical role, is especially helpful in solving
many of the remaining human health and environmental problems resulting from dispersed sources
and individual activities. Both the EPA definition and the NCE description are central to the
development of this research strategy.

The Evolution of ORD’s Pollution Prevention Program

ORD has conducted a variety of research and development projects and programs over the last
ten years which are consistent with the EPA definition of pollution prevention and the broader
concept of sustainable development described above. The following are examples of research
which has been conducted or is currently sponsored which further the goals embodied in the EPA
definition and the NCE description:

CFEC Alternatives: With the United States agreement to reduce the production and use of
chlorofluorocarbons (CFCs) under the Montreal Protocol, ORD undertook a research program to
identify and evaluate alternative chemicals in technologies. Part of the effort targeted the synthesis of
new chemicals (e.g., hydroflourocarbons (HFCs), hydrofluoroethers (HFES)). Measurements were
performed to establish the thermodynamic and thermophysical properties of these new chemicals and
to determine their flammability, toxicity, and material compatibility. Other phases of the research
investigated their performance in refrigeration and air conditioning applications and as foam blowing
and fire extinguishing agents Similar activities were performed by industry for other chemicals. This
collaborative effort resulted in a number of EPA and industry HFCs being successfully used in new
equipment.

Waste Reduction Innovative Technology Evaluation (WRITE) Program Over the past seven

years, ORD has investigated a number of waste minimization technologies and performed evaluations
of these technologies to measure their pollution prevention effectiveness and costs. These evaluations
were conducted in collaboration with six States and a county in New York. The targets were
technologies for use by medium- and small-sized industries (electronics, printing, metal plating and
finishing) and the evaluations addressed a number of processes (e.g., coating, painting, surface
cleaning). Many of the evaluated technologies reduced or eliminated waste streams and resulted in

May 30, 1997 2



EXTERNAL REVIEW DRAFT -- DO NOT CITE OR QUOTE

cost savings. It was also found that technology benefits (waste minimization and cost) were largely
application-specific and that broad generalizations about technology application could not be made.

LCA Advancement Life cycle assessment (LCA) principles provide an important conceptual
framework within which to evaluate pollution prevention alternatives. ORD has been working to
improve LCA tools and methodologies over the past five years and has undertaken a number of
specific assessments to advance the understanding and application of life cycle thinking. As just one
example, ORD worked with the lithographic printing industry to evaluate solvent substitutes in order
to reduce volatile emissions. The findings of that effort revealed that a switch to low-VOC solvents
can increase energy use and increase loading to air and water. The switch, in effect, resulted in
shifting environmental burdens from the printers to elsewhere within the production system. ORD
has developed LCA-oriented tools (e.g., P2 Factors Methodology, P2 Progress Methodology) as a
means of advancing the cause of pollution prevention more broadly within an LCA framework.

Pollution Prevention Opportunity Assessments (PPOAsS)ORD pioneered the development and
application of PPOAs. PPOAs are a comprehensive examination of the operations at a facility with

the goal of minimizing all types of waste products. Options are identified for the use of materials,
processes, or practices that reduce or eliminate the creation of pollution or wastes at the source. Once
a prevention option is identified, it is evaluated for technical, economic, and environmental feasibility.
This analysis is not directly related to compliance standards, but by eliminating or reducing the

sources of pollutants, the standards are automatically met or at least the compliance burden is
reduced. Numerous PPOAs have been developed over the ten years (e.g., Fort Riley, Kansas; photo
finishing facility; truck assembly plant) and these assessment documents have been widely adopted by
the federal sector (e.g., DOE, DOD, USPS) for ugpatrnment facilities.

Source Reduction Review Project (SRRP) SuppartOver the past five years, ORD has been
supported the Agency's efforts at multimedia rule making under SRRP. SRRP is an effort to review
Agency regulations during their earliest stages of development, and is designed to ensure that source
reduction measures and multimedia issues are considered in air, water, and hazardous waste. SRRP
focuses on key regulations during their development and encourages source reduction over add-on
control technologies as the preferred approach to achieving environmental compliance. ORD has
worked with the Office of Water (OW) to evaluate alternatives to chlorine bleaching in the pulp and
paper industry and with the Office of Air and Radiation (OAR) to evaluate alternatives in reinforced
plastics composite manufacturing, printing and publishing and wood furniture manufacturing.

Reducing Solvent and Propellant Emissions from Consumer Productén some cases, an

appropriate risk management strategy for reducing exposure to indoor air pollutants may be to
develop a generic technology that will facilitate private sector development of low-emitting materials.
A successful example of this is the development and evaluation of a new spray dispenser at Purdue
University that was supported under an EPA Cooperative Agreement. The new design allows
manufacturers to reformulate certain aerosol consumer products using air and water in place of
solvents and hydrocarbon propellants while still maintaining acceptable product characteristics. Data
collected thus far have shown that the dispenser's performance is nearly independent of product
viscosity and surface tension. As a result, the dispenser design will be applicable to a wide variety of
products. One particularly feature of this research is that the design guidelines for the dispenser will
be generally available to all interested manufacturers (in late 1997), thusihgbeth small and

large manufacturers worldwide.

In the early years, the majority of ORD’s research and development activities focused on
creating tools which other government agencies and the private sector could use to identify
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pollution prevention opportunities (e.g., PPOAs, LCA Advancement), and on conducting
evaluations of pollution prevention technologies through agreements with outside contractors or
cooperators (e.g., WRITE Program, SRRP). A small percentage of the pollution prevention
research program in the 1980s was focused on in-house research (e.g., CFC Alternatives).
During this time, funding for pollution prevention research and development was provided from
many dispersed sources and had to compete against all other important ORD research within a
specific program area. Pollution prevention was formally established as a program within ORD
in 1988 and received increased attention across the Agency (EPA, 1990b, EPA, 1992b). In the
early to middle 1990s, ORD’s pollution prevention research and development program primarily
supported numerous EPA initiatives (e.g., 33/50 Program, SRRP, Common Sense Initiative)
established to promote pollution prevention as the preferred approach for human health and
environmental protection.

For the past several years, the ORD pollution prevention program has undergone a transition
from an extramural program that promoted pollution prevention using targeted technical
assistance and information transfer, to more of an in-house program devoted to scientific and
technical research on pollution prevention tools, methodologies, technologies, and approaches.
While this reorientation has not been seamless, it is well underway and will continue into the
foreseeable future. Concomitant with a shift to an in-house research and development program,
resource allocations have been reduced and targeted to support (i.e., infrastructure) that provides
post-doctoral researchers, master’'s-degree assistants, technicians, and analytical services with
which to build the in-house capabilities of ORD scientists and engineers. This shift has caused
ORD to reevaluate its pollution prevention research and development priorities and to focus on a
smaller set of high-priority activities where it can make a significant contribution based on its
unique expertise and capabilities. ORD’s extramural grants program has been engaged to provide
the expertise and capabilities not resident within ORD.

Where is ORD’s Pollution Prevention Research and Development Program Going?

While pollution prevention offers great opportunity for gains in human health and
environmental quality, both in terms of research and development, and in commercial application,
it appears to be at a crossroads. Some (Anderson, 1994; Roy, 1997) liken the state of pollution
prevention to “having picked all of the low hanging fruit.” Hirshhorn (1997) notes the passing of
pollution prevention from a revolutionary force to an incremental tool. According to Pelley
(1997), who interviewed industry researchers and practioners, pollution prevention research in the
private sector has slowed, and the growth in field applications has the potential to stagnate in the
coming years. Pelley explains why this is so: (1) reluctance to employ expensive new
technologies that don’t have a short-term economic payoff, (2) lack of a regulatory motivation
from either EPA or the states, and (3) reduction in government funding of pre-competitive
technologies that are less polluting.

ORD believes that pollution prevention progress in the next ten years will ceegras
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rapidly as in the past ten, but the results of that progress can be even more significant. The “next
wave” of pollution prevention can provide economic and environmental benefits in a host of
situations. Since these advances will likely represent more fundamental changes in individual
lifestyle, industrial process design (e.g., clean technologies), consumer products (e.g., benign
chemicals), and land use, future research and development must focus on quantum leaps instead
of incremental improvements. ORD will only be able to sustain this future direction if it
concentrates on longer-term research which will produce a new generation of tools and
technologies to move pollution prevention beyond the “low hanging fruit.” These advances will
not be achieved without a commitment by both the public and private sectappttdong-

term in-house research programs which can, if carefully planned, produce the technologies and
tools that are needed.

Structure of this Research Strategy

This research strategy, while oriented toward the classic Agency definition of pollution
prevention, recognizes that over the longer term, pollution prevention should be viewed in the
context of sustainable development, and must move in the direction of addressing the highest
priority human health and environmental problems. It is divided into four chapters with Chapter
1.0 (this chapter) setting the scene and arguing for a broad view of pollution prevention research
and development. Chapter 2.0 presents an analysis of the pollution prevention research and
development situation which leads to five Key Questions that must be answered in the coming
years. Chapter 3.0 describes four long-term goals and accompanying objectivelstibat w
addressed by ORD; this chapter includes the research and development activities and project areas
that will be pursued as part of this research strategy. Finally, Chapter 4.0 describes, in general
terms, the allocation of resources and emphases over the coming five years for the four long-term
goals and associated objectives presented in Chapter 3.0.
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2.0 STRATEGIC RATIONALE FOR THE ORD POLLUTION
PREVENTION RESEARCH AND DEVELOPMENT PROGRAM

Pollution prevention is a broad area of research and development which can be used in many
economic sectors to reduce or eliminate releases of environmental contaminants. Both the public
and private sectors must support pollution prevention research and development in the future if it
is to be widely applied as the preferred approach for managing human health and environmental
risks. The breadth of pollution prevention and the possibilities for the research and development
needed pose a significant challenge. Both ORD and other research organizations must elect to
focus on only a limited number of research and development activities due to financial and human
resource limitations. This chapter of the research strategy explains the rationale used by ORD to
select priority areas to focus on over the next five years.

Why is Pollution Prevention An Important Future Research Priority?

While significant advances have been made, many gaps in knowledge still impede the
widespread adoption of preventive risk management. Pollution prevention research and
development is a relatively new field of endeavor when compared to other areas such as research
and development of end-of-the-pipe control technologies. Pollution prevention research and
development has largely focused on the industrial sector of the economy. Numerous authors
(Freeman, et. al., 1992; Freeman, 1995; INFORM, 1995; Pelley, 1997) stress the important role
that pollution prevention plays in reducing toxic releases and exposure to chemicals in wastes.
According to the 1994 Toxics Release Inventory (TRilljpbs of pounds of chemicals were
released, transferred, or disposed of in wastes from industrial facilities that year (Appendix
Releases will grow in the coming years with the expansion of the TRI (Federal RA§IS&X,

This growth in chemical releases, along with an expanding world population and global economy,
provide the impetus for a focus on prevention research and development.

Protecting human health and the environment into the 21st Century must stress the prevention
of pollution before it occurs, and should realistically look beyond the TRI-listed chemicals for
ways to contribute to reducing human health and environmental risks. Ehrenfeld and Howard
(1996) make the point that a number of American industries have already recognized the need to
address environmental protection in a more holistic and systematic manner by emphasizing design
for the environment (DfE) and industrial ecology. Hart (1997) identifies pollution prevention as
the first step (Stage One) that most companies take when moving away from pollution control.
Stage Two is product stewardship (e.g., DfE, life cycle assessment). Stage Three is clean
technology -- where fundamental shifts in both products and processes are designed and
implemented -- a stage that may require several decades before being broadly accepted and
practiced.
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Guidance on Pollution Prevention Research Priorities from External Organizations

The most important consideration in designing this research strategy was the determination of
where ORD could make the most significant contrihbutions to the field. The first factor
considered was the role of federal research and development in addressing issues of national
concern. The National Academy of Sciences (NAS, et.al. 1995) provided its perspective on this
issue when it stressed that resources invested by the federal government in science and technology
help build the base of scientific and technical knowledge and expertise used by both government
and industry to address important national goals (e.g., national defense, space exploration,
economic growth, and protection of public health and the environment). The National Science
and Technology Council (NSTC, 1994) supporteahales perspective when it identified the
important role the federal government plays in funding basic and applied research and
development keyed to future generations of environmental technologies. This latter report also
stressed the role that the federal government can play in facilitating private sector investment by
reducing the uncertainties caused by regulatory, verification, and permitting processes.

Based on these broad national level perspectives, ORD has concluded that there is a need for
federal research to facilitate the developmentawdptance of new products, processes, or
management practices which pose less of a hazard to human health and the environment. The
ultimate goal is to ensure that adequate research and development has been conducted which will
provide the information and data required to design new products and processes that are
inherently less polluting. ORD is in a unique position to focus federal pollution prevention
investments because: (1) it is the only federal research organization with the broad mission to
ensure that the pollution prevention adopted provides maximum human health and environmental
protection, and (2) it has direct links to the regulatory and compliance offices of EPA to ensure
that pollution prevention research and development activities are focused on the nation’s highest
priority human health and environmental problems.

Pollution Prevention in Strategic Plans and National Strategies

In the past three years, a number of committees, councils, academies, and EPA have offered
their opinions on strategic directions for environmental protection (EPA, 1994; CENR, 1995;
PCSD, 1996; ACS, 1996; NRC, 1996). There is a mix of pollution prevention priorities in these
five strategies. Clearly, EPA’s five-year strategic plan views pollution prevention as an
overarching means of accomplishing a number of environmental goals, from improving air quality
to promoting worker safety. Strategies of the Committee on Environment and Natural Resources
(CENR), the American Chemical Society (ACS), and the National Research Council (NRC) stress
technological solutions via cleaner chemicals, clean technology, environmentally preferable
products, prevention technologies and practices, industrial ecology, chemical-specific separations,
and catalytic systems. The President’s Council on Sustainable Development (PCSD) and the
NRC strategies also support the development of improved analytical tools including cost/benefit
analysis associated with risk assessment. Both of these strategies address the need for economic,

May 30, 1997 7



EXTERNAL REVIEW DRAFT -- DO NOT CITE OR QUOTE

social, and behavioral research that advances the concept of sustainable development.

Pollution Prevention and the Science Advisory Board

Over the years, the EPA’s Science Advisory Board (SAB) has provided guidance on the
relative risks of environmental problems. ORD has reviewed its most recent report on this topic
(EPA, 1990a) to further focus its proposed strategy on the most important environmental
problems. Figure 1. lists these high-priority problem areas. In addition to studies which rank the
relative importance

High-Priority Human Health Risks

Ambient Air Pollutants

Worker Exposure to Chemicals in Industry and Agriculture
Pollution Indoors

Pollutants in Drinking Water

High-Priority Risks to Natural Ecology and Human Welfare

Habitat Alteration and Destruction

Species Extinction and Overall Loss of Biological Diversity
Stratospheric Ozone Depletion

Global Climate Change

Figure 1. High Priority Human Health and Environmental Risks Identified by the SAB
(EPA, 1990a).

of environmental problems, the SAB has also provided commentaries on past Agency pollution
prevention reports and strategies. These commentaries provided insights on what the SAB
considered to be important pollution prevention research and development activities, and
identified the highest priority environmental problems which EPA should emphasize. The first
commentary (EPA, 1989) was prepared as part of the SAB’s review of a draftRudlbiigon
Prevention Research Plan: Report to Congi@S3A, 1990b). The second commentary (EPA,
1992a) was prepared as part of the SAB’s review of a draft ¢fdlhation Prevention Research
Program(EPA, 1992b). The SAB stressed the need for social science research (non-
technological ) in both of its commentaries, as well as the need for a means of measuring the
progress of pollution prevention. The need to address non-industrial pollution prevention was
raised with respect to agricultural and mining practices, with a particular concern regarding
pesticides. There was also a call for increased coordination with other organizations to advance
pollution prevention and to facilitate communication and technology transfer. Finally, there were
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calls for product research, environmental professional training, anticipatory research on future
environmental problems, and consistency in prioritizing research activities. These commentaries
and the relative ranking of environmental problems influenced the priorities detailed later in this
document.

Guidance on Pollution Prevention Research Priorities from Internal Organizations

After carefully considering the guidance from outside organizations, the scope of the potential
pollution prevention program which ORD plans to conduct was narrowed to a subset of
environmental problems and types of research and development where the federal government can
play the most effective and significant role (i.e. broadly applicable tools and methodologies,
generic and enabling technologies and approaches). The next step was to investigate which of
these problem areas or types of research were considered a high priority by other organizations
within EPA. ORD conducted a survey of selected staff in the Office of Prevention, Pesticides and
Toxic Substances (OPPTS), Office of Air and Radiation (OAR), Office of Enforcement and
Compliance Assurance (OECA), Office of Policy, Planning and Evaluation (OPPE), Office of
Water (OW), Office of Solid Waste and Emergency Response (OSWER) and the Regions. By
engaging Program Offices and Regions, ORD was able to sharpen its focus. The following
themes emerged from the survey:

. ORD research should emphasizife cycle assessment and costing reseairtlorder to
provide the scientific basis for comparing alternative risk management approaches.

. Techniques tomeasure pollution prevention effectiveness and verify the performance of
pollution prevention technologieare needed to assess the environmental reductions
which are being achieved.

. Pollution prevention approaches are needed for thagricultural sectorto reduce
releases into several media.

. Pollution prevention approaches to reducgreenhouse gasescluding alternative
energy (renewable) sources are needed.

. Pollution prevention approaches are needed fdargeted industries in the industrial
sector(In most cases these were aligned with specific regulatory programs or Agency
initiatives).

The Program Offices were very consistent in identifying needs in several areas. First, there
was a need to develop and test tools and methods to measure the performance of various
pollution prevention approaches (i.e., to what degree is pollution actually reduced by prevention),
and to verify pollution prevention technology performance. Second, there was a clear desire for
ORD to work closely with the Program Offices in advancing pollution prevention either
voluntarily, or as part of a rule making or compliance activity. In addition to targeting industries,
there was a call to address greenhouse gas emissions and agriculture via pollution prevention
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research, and to conduct research in partnership with industry and other stakeholders.

Key Scientific and Technical Questions

The above strategic analysis led to the development of the following five key scientific and
technical questions:

A. What are the analytical and process tools that will allow stakeholders at
all levels to make more informed decisions on prevention technologies and
approaches so that measurable progress can be made in human health and
environmental protection from the local to the global level?

B. What are the products and processes that by their very design can
prevent and reduce the formation and release of toxic pollutants that are
high risks to both human health and the environment?

C. What are the technologies and approaches that can prevent and reduce
the formation and release of toxic pollutants that are high risks to both
human health and the environment?

D. What pollution prevention technologies, processes, and products should
be verified in order to more quantitatively measure their human health and
environmental benefits?

E. What are the economic, social, and behavioral, issues that affect
individuals and communities (from families to nations) so they can better
understand the benefits and limitations of using a preventative approach to
managing risks?

These key questions are helpful in identifying research opportunities and setting long-term
goals for the research strategy. To assist in further focusing ORD’s research and development

activities in pollution prevention, these five key questions must now be considered within the
context of where ORD can make a difference.

Evaluation of ORD Capabilities and Expertise

Aifter considering the external and internal guidance described above, ORD further refined its
pollution prevention focus by evaluating its potential contribution in terms of the environmental
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problems of greatest significance and the economic sectors which contribute to those problems.
This research strategy, recognizes a sector-based approach as a way to organize pollution
prevention research and development activities. An economic sector can be defined as a grouping
of enterprises that produce similar goods and services. Table 1. graphically represents which
economic sectors contribute to each of the high-priority environmental problems. The broad
economic sectors identified are ones traditionally associated with pollution prevention applications
(EPA, 1991, Habicht, 1992): industrial, agricultural, consumer, energy, and transportation. As

can be seen in Table 1. (note shaded boxes), ORD has resident capabilities in the industrial sector,
and more limited capabilities in the consumer and energy sectors. ORD has little capability in the
agriculture, energy, and transportation sectors and would look to the U. S. Department of
Agriculture (USDA), the Department of Energy (DOE), and the Department of Transportation
(DOT) to support pollution prevention research and development for these sectors.

Criteria for Setting Pollution Prevention Research and Development Priorities

Six criteria were developed to further refine the focus of ORD’s pollu